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Abstract 

Aim: In this study, we used silver nanoparticles (AgNPs/Sw) synthesized from Salvia willeana to investigate the plant’s antioxidant properties and protective 
activities against aging, Alzheimer, obesity, and diabetes. 

Material and Methods: Post-synthesis characterisations of AgNPs/Sw were confirmed using UV, FTIR, XRD and SEM methods. Firstly, aqueous, methanol and 
chloroform extracts of S. willeana were prepared, and the methanol extract was found to have the highest phenolic content. Therefore, methanol extract was 
used in all analyses of our study. We analysed the lipid peroxidation inhibitory activity, 1,1-Diphenyl-2-picrylhydrazyl (DPPH) free radical scavenging capacity, 
and iron reducing antioxidant power (FRAP) of AgNPs/Sw to determine their antioxidant properties. Acetylcholinesterase (AChE), butyrylcholinesterase (BChE), 
and amyloid-beta (AB) aggregation inhibition assays were performed to evaluate the anti-Alzheimer effects of AgNPs/Sw. Additionally, a-amylase, pancreatic 
lipase, and a-glucosidase inhibition activity tests were conducted to assess the protective effects of AgNPs/Sw against obesity and diabetes. 

Results: Silver nanoparticles synthesised using S. willeana extract enhance the antioxidant, anti-aging, anti-Alzheimer, anti-obesity, and antidiabetic activities 
of the plant extract. 

Discussion: AgNPs/Sw can be applied for therapeutic purposes in medicine. 
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Introduction 

Salvia willeana grows endemically only in Cyprus and has been 
used for years as a functional tea that provides health benefits 
to prevent disease by strengthening human immunity. It is also 
used for abdominal pain, colds, and nausea. Compounds such 
as caffeic acid oligomers, phenolic, flavonoid and fatty acid 
derivatives have been isolated from S. willeana. Salvia spp. has 
been characterised as having antioxidant/antibacterial/anti- 
inflammatory/anti-diabetic/anti-aging, and tumour suppressor 
properties due to their isolated phenolic and flavonoid chemical 
compositions [1-3]. The phytochemical content of S. willeana 
extract (SwE) has not been extensively analysed. 

Recent scientific studies about nanoscience can make important 
contributions to medicine, including the diagnosis, treatment, 
and prevention of diseases, as well as drug development. 
Nanoparticles (NPs) have been found to be effective as 
antimicrobial, antioxidant, antifungal, anticancer, and anti- 
diabetic agents in the treatment of diseases. Green synthesis 
is preferred over chemical reactions for obtaining nanoparticles 
due to its cost-effectiveness, environmental friendliness, and 
ease of preparation. Silver nanoparticles (AgNPs) are commonly 
used in health studies due to their unique optical, electrical, and 
thermal properties, as well as their antioxidant, antimicrobial, 
antifungal, and high catalytic activities [4]. 

Natural herbal products are commonly used to treat diseases, 
including Alzheimer’s disease, obesity and diabetes. One 
treatment strategy for these diseases is to inhibit the enzymes, 
and Salvia spp. is a promising research topic due to their 
potential inhibitory effects on enzymes. Thus, our study aims 
to examine the in vitro antioxidant activity of SwE and silver 
nanoparticles (AgNPs/Sw) and their protective effects against 
aging, Alzheimer’s disease, obesity, and diabetes. 


Material and Methods 

All chemicals and silver-nitrate (AgNO,) used in the study were 
obtained from Merck (Germany). S. willeana was collected in 
May 2023 from the Troodos Mountain in Nicosia. Some of them 
were kept at the University Pharmaceutical Research Institute. 
They were dried and grounded with an electric grinder. 
Preparation of S. willeana extract 

Firstly, aqueous, methanol and chloroform SwE were prepared 
[5]. For aqueous extraction, 50 g powdered S. willeana was 
added to a balloon flask and diluted with 250 mL distilled 
water. The mixture was boiled (15 min), cooled (20°C), and 
filtered through Whatman No. 1 filter paper. It was stored in 
the refrigerator (+4°C). 

For methanol extraction, 50 g S. willeana powder was extracted 
with 95% methanol and filtered 5-7 times. It was then filtered 
through a Whatman No. 4 filter paper and concentrated using 
a rotary evaporator (IKA RV 10, Germany) at 50°C. It was dried 
and stored in a refrigerator (+4°C). 

For chloroform extraction, 50 g S. willeana powder was placed 
in a balloon flask, and 300 mL chloroform was added. It was 
boiled (4 h) and filtered using Whatman No. 40 filter. It was 
concentrated in a rotary evaporator at 50°C, washed with warm 
hexane, yielding 4.55%. 

Phytochemical analysis of SwE 

The phytochemical analysis of SwE, they were resuspended in 


sterile phosphate-buffered saline (pH 7.2) to 200 mg/mL final 
concentration. 

The total phenolic content of SwE was determined using the Folin- 
Ciocalteu method [5]. A blue solution was obtained by adding 50 
pL each SwE to 5 mL Folin-Ciocalteu reagent and 5 mL Na,CO,,. 
Then it was incubated (20°C/1 h), and the absorbance was 
measured at 760 nm using UV spectrophotometer (Shimadzu 
UV 1800 UV, Japan). Gallic acid was used as reference material, 
and the result was expressed as mg-gallic acid/g-SwE. 

The total flavonoid content of the SwE extracts was determined 
using the aluminium-chloride method [5,6]. Briefly, 60 pL SwE 
were mixed with 4 mL distilled water and 20 pL aluminium- 
chloride reagent. The final volume was adjusted to 5 mL 
with pure methanol. It was incubated (20°C/30 min), and the 
absorbance was measured at 430 nm, spectrophotometrically. 
Quercetin was used as a reference chemical, and the result was 
expressed as mg-quercetin/g-SwE. 

The alkaloid content of SwE was analysed using the 
bromocresol-green (BCG) method and produced yellow- 
coloured solution [5,6]. 200 pL SwE was diluted with 2 N HCl 
to 2000 uL final volume. It was washed triplicate with 10 mL 
chloroform in separating funnel, and then neutralised with 0.1 
N NaOH. After 10 min, 5 mL BCG solution and 5 mL phosphate- 
buffer were added. After shaking thoroughly, we made 10 mL 
chloroform dilutions of SwE. We measured its absorbance at 
470 nm, spectrophotometrically. The results were calculated 
used the formula [alkaloids=(Abs-0.048)/0.021], expressed as 
mg-SwE/mL. 

In our study, as well as in another study [5], the highest phenolic 
content was found in the methanol extract (Table 1). Therefore, 
we used the methanol extract for all analyses. 

Synthesis of AgNPs 

Commercial AgNO, was purchased to synthesise AgNPs. In a 
1000 mL beaker, 500 mL AgNO, and 50 mL SwE were added 
and stirred using magnetic stirrer (40-60°C/30 min). It was 
treated with ultrasound (3 h). As a result of the synthesis, the 
colour was changed from colourless to brown. It was then 
centrifuged with distilled water 10000xg/5 min, filtered, and 
dried in an oven (50°C/48 h). Absorbance was measured at 350- 
700 nm spectrophotometrically [7]. 

Evaluation of antioxidant activity 

We analysed the lipid peroxidation inhibition, DPPH, and FRAP 
capacity of AgNPs/Sw [5,6]. The lipid peroxidation inhibition 
as MDA was determined by the thiobarbituric acid (TBA) test. 
Concentration series of AgNPs/Sw (50-100-150-250-500 
mg/L) were prepared with 97% ethanol. A mixture 200 pL each 
of AgNPs/Sw, FeCl,, EDTA, H,O, and ascorbic acid was added to 
a test tube and vortexed. It was then incubated (37°C/1.5 h), 1.2 
mL TBA (28%) was added, and centrifuged (3000xg/15 min). The 
pellet was mixed with 1.2 mL TBA and boiled (100°C/10 min). 
After cooling on ice, the supernatant was discarded, and the 
absorbance was measured at 532 nm, spectrophotometrically. 
The results were expressed as pmol/mg-AgNPs/Sw. 

To analyse the DPPH, first concentration series of AgNPs/Sw 
described above was prepared in 3.9 ml ethanol with DPPH. 
It was then vortexed (1 min), and incubated (20°C/1 h). The 
absorbance was measured at 517 nm, spectrophotometrically. 
Vitamin C was used as a reference sample. Each measurement 
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was repeated three times. Equation 1 (Eq-1) was used to 
calculate the O%inhibition DPPH. %inhibition=[(Acontrol- 
Asample)/Acontrol]x 100. 

The FRAP assay was performed preparing concentration series 
of AgNPs/Sw described above. 3.9 ml FRAP reagent (acetate 
buffer (pH 3.6)/tripyryltriazine in HCI/FeCl,) and 0.1 mL AgNPs/ 
Sw were added ina test tube. After incubating (20°C/30 min), we 
measured the absorbance at 593 nm, spectrophotometrically. 
Trolox (TEAC) was used as a reference chemical, and FRAP 
activity was expressed as mg-TEAC/g-AgNPs/Sw. 

Evaluation of anti-aging activity 

The anti-aging effects of AgNPs/Sw were determined by 
their —_ anti-collagenase/elastase/hyaluronidase/ 
tyrosinase activities. 

In anti-collagenase assay [8], 0.5 mg azo dye-impregnated 
collagen, 400 pL Tris-HCl (0.1 M/pH 7), and 50 pL AgNPs/ 
Sw were vortexed in a tube. Then, 50 ul collagenase (200 
U/mL) was added, incubated (43°C/1 h), and centrifuged 
(3000xg/10 min). Its absorbance was measured at 550 nm, 
spectrophotometrically. Epicatechin gallate was used as a 
reference chemical. 


assaying 


To determine anti-elastase levels [8], in a test tube, 20 pL 
AgNPs/Sw was mixed with 80 pL Tris-HCl (0.1 M/pH 8) and 40 
uL elastase. It was incubated (37°C/10 min. The reaction was 
initiated by adding 60 pL N-succinyl-(Ala)-3-nitroanilide. The 
absorbance was measured at 410 nm, spectrophotometrically. 
Oleanolic acid was used as reference chemical. 

In anti-hyaluronidase assay [8], 20 pL AgNP/Sw and 20 pL 
hyaluronidase (8 mg/mL) were put in a test tube and then 
incubated (37°C/20 min). Next, 40 pL calciumchloride was added 
and incubated again (37°C/20 min). Then, 100 uL hyaluronic 
acid was added and incubated (37°C/40 min). 40 pL potassium 
tetraborate tetrahydrate and 4 pL NaOH were added to the 
solution. It was heated in a water bath (100°C/3 min). Finally, 
1200 pL dimethylaminobenzaldehyde was added, cooled (20°C), 
and incubated (37°C/20 min). The absorbance was measured 
at 585 nm, spectrophotometrically. Indomethacin was used as 
reference chemical. 

To determine anti-tyrosinase [8], 20 pL AgNP/Sw, 220 pL 
sodiumphosphate buffer (0.1 M/pH 6.8), 20 pL tyrosinase 
(1500 U/mL), and 40 pL L-tyrosine were added to the wells of 
a microtiter plate, and incubated (37°C/12 min). The reaction 
was stopped by placing the plate on ice. The absorbance was 
measured at 490 nm with microplate reader (Epoch2 Microplate 
Spectrophotometer, BioTech, USA). Alpha-kojic was used as 
reference compound. 

Evaluation of anti-Alzheimer activity 

The anti-Alzheimer effect of AgNPs/Sw was determined using 
acetylcholinesterase (AChE)/butyrylcholinesterase | (BChE)/ 
amyloid-beta (AB) aggregation inhibition assays. 

In the determination of AChE/BChE inhibitions [9], hydrolysis 
of acetylthiocholine iodide (ATCh1) by AChE/BChE yields 
a 5-thio-2-nitrobenzoate anion as yellow complexes with 
5,5’-dithiobis-2-nitrobenzoic acid (DTNB). 20 pL AgNPs/Sw, 
300 pL sodiumphosphate buffer (100 mM/pH 8.0), 20 uL DTNB 
and 40 uL AChE (0.22 U/mL)/BChE (0.1 U/mL) were added to 
a test tube. The mixture was vortexed and incubated (37°C/10 
min), and then 50 pL ATChI was added to initiate the reaction. 


After incubation (37 °C/15 min) the absorbance was recorded 
at 412 nm, spectrophotometrically. Galantamine hydrobromide 
was used as reference chemical. 

For the AB-aggregation assay, thioflavin T (ThT) fluorescence 
test was performed [10]. Briefly, 40 uL AgNPs/Sw, 500 pL AB42 
and 500 uL sodiumphosphate buffer (50 mM/pH 7.4) were 
added to a test tube, and incubated (37°C/48 h). 10 pL ThT- 
containing glycine/NaOH buffer (50 mM/pH 9.2) was added. 
Fluorescence intensities were measured at excitation-446 
nm/emission-490 nm with a microplate fluorometer (Twinkle 
LB970, Germany). Curcumin was used as reference chemical. 
Fluorescence intensities were recorded and the percentage 
inhibition of AB-aggregation was calculated: %inhibition=(1 -|Fi/ 
IFc)x100, where IFi and IFc were the fluorescence intensities 
at absorbances in the presence and absence of AgNPs/Sw, 
respectively. 

Evaluation of anti-obesity activity 

a-Amylase/pancreatic lipase inhibition assays were used to 
determine anti-obesity effects of AgNPs/Sw. 

In a-amylase inhibition assay using 3,5-dinitrosalicylic acid 
(DNSA) method [9], DNSA reagent was prepared by mixing 12 g 
sodiumpotassiumtartratetetrahydrate in 8.0 mL NaOH and 20 
mL DNSA. Ina test tube, 500 pL AgNPs/Sw and 500 pLa-amylase 
(0.5 mg/ml) in sodiumphosphate buffer (0.02 M/pH 6.9) were 
mixed, and incubated (30°C/10 min). Then, 400 pL starch (1%) 
was added, and incubated again. The reaction was initiated 
adding 400 pL DNSA reagent in water-bath (85-90°C/10 min). 
It was cooled (20°C), and diluted in 10 mL distilled water. The 
absorbance was measured at 540 nm, spectrophotometrically. 
Acarbose was used as reference chemical and the results were 
calculated using Eq-1. 

In pancreatic-lipase inhibition assay using p-nitrophenyl butyrate 
(PNPB) method [11], PNPB solution was prepared mixing 8.4 pL 
PNPB stock solution and 10 mL acetonitrile final volume. 250 
uL AgNPs/Sw, 100 pL pancreatic-lipase (0.1 mg/mL) and 50 pL 
PNPB, and incubated (37°C/30 min). The hydrolysis amount of 
p-nitrophenol from PNPB by lipase enzyme was measured at 
405 nm, spectrophotometrically. Orlistat was used as standard 
chemical, and the results were calculated using Eq-1. 
Evaluation of antidiabetic activity 

To determine the anti-diabetic effects of AgNP/Sw, a-amylase 
and a-glucosidase were determined (a-amylase enzyme assay 
was performed in the anti-obesity tests, above). 

In a-glucosidase assay [9,12] using maltose as substrate. 80 pL 
AgNP/Sw, 2 mL maltose (2%) as subtrate and 2 mLa-glucosidase 
(1 U/mL) in phosphate buffer (10 mM/pH 8.0) were placed in a 
test tube, and incubated (37°C/5 min). The reaction was initiated 
by adding 100 pL methanol. The mixture was then placed in a 
water bath (2 min) and cooled (20°C). Absorbance values were 
measured at 695 nm, spectrophotometrically. a-Glucosidase 
inhibition was calculated using Eq-1. 

Statistical analysis 

SPSS (Statistical Package for Social Sciences) 25.0 was used, 
and data were analysed and compared by one-way analysis 
of variance (ANOVA) followed by post-hoc Tukey test. p<0.05 
was considered statistically significant. Data are expressed as 
meanzSD. 

Ethical approval 
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All the reagents used in this study were prepared, used, and 
disposed of according to the set laboratory guidelines and the 
material safety. Since no animals/humans were used during 
the study, it was stated by the university ethics committee that 
there was no need to get approval from the ethics committee. 


Results 

The assays to determine the total phenolic/flavonoid and/ 
or alkaloid content in SwE were performed and the results 
are presented in Table 1. In our study, UV, FTIR, XRD and SEM 
techniques were used to control the green synthesis and catalytic 
activity of AgNPs/Sw. UV spectrophotometer was used to check 
the synthesis of AgNPs/Sw in at 300-700 nm, nm, and a sharp 
peak at 455 nm was observed (Figure 1A). FTIR spectroscopy 
was used to identify the secondary metabolites formed by the 
reaction of SwE with Ag ions. FTIR analysis revealed significant 
absorption peaks for AgNPs/Sw (Figure 1B). 

The crystal structure and nanostructure of AgNPs/Sw were 
confirmed by XRD analysis. Confirmation of the crystal 
structure of 5 peaks for AgNPs/Sw presented in Figure 2A. They 
were possible due to the presence of Bragg reflection planes 
(111), (200), (220), (222) and (311). The morphology of the 
green synthesised AgNPs/Sw was confirmed by SEM. As shown 
in Figure 2B, they had a polymorphic appearance as granular 
clusters. SEM analysis for AgNPs/Sw revealed that their size 
was around 40 nm. 

To determine their antioxidant properties of AgNPs/Sw, the in 
vitro effects of AgNPs/Sw on the inhibition of lipid peroxidation 
(MDA), DPPH, and FRAP capacity were analysed (Table 2). 
The anti-aging effects of AgNPs/Sw on collagenase/elastase/ 
hyaluronidase/tyrosinase enzymes and the anti-Alzheimer/anti- 
obesity/antidiabetic inhibitory activities of AgNPs/Sw were 


Table 1. The phenolic compounds of SwE in the aqueous, 
methanolic, and chloroformic extracts* 


A 
12000 
Aqueous Methanolic Chloroformic 10000 — AgNPsSw 
Compounds a 
extract extract extract % 8000 
@ 
2 6000 (200) 
Total phenolic z (i) 
(GA-mg/g SwE) 107.24+5.8 mg 125.57+6.4 mg 96.82+6.2 mg on y on) eu) 
\ 
Total flavonoid 2000 (222) N 


98.3647.3 mg 152.48+7.2 mg 118.42+8.6 mg 


(Quercetin-mg/g SwE) 


Total alkaloid 


(mg/mL) 251.23+8.8 mg 


342.15+5.9 mg 238.41+8.3 mg 


*The mean values (x) were obtained triplicate measurement and were expressed as x+SD. 


Table 2. The in vitro effects of AgNPs/Sw on antioxidant status* 


Concentration of the 
AgNPs/Sw (mg/mL) 


Inhibition of Lipid peroxidation 


%DPPH free radical scavenging 


shown in Table 3. 


Discussion 

Herbal medicines have become anintegral part of complementary 
health care in the prevention and treatment of disease. Green 
synthesis of metal nanoparticles, a method of producing 
nanoparticles from medicinal plants, is a promising strategy in 
the medical world. In our research, silver nanoparticles were 
green synthesised using S. willeana in a highly efficient, cost- 
effective and simple process. 

Phenolic compounds, which occur as secondary metabolites in 
plants, have been reported with their antioxidant, anti-aging, 
anti-Alzheimer’s, anti-obesity and anti-diabetic properties, 
help to reduce the development of many chronic diseases and 
cancer [3, 4]. Ercetin et al. [13] investigated the cholinesterase 
inhibition of S. willeana, and reported high flavonoid/phenolic 
contents in the plant leaves (547.554+3.12 and 300.24+1.23 
mg/g, respectively). We and El Hajaji et al. [5] found that 
methanolic SwE had the highest phenolic content. Therefore, 
the methanolic extract was preferred in all subsequent analyses 
and procedures of our study. 


Absorbance 
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Figure 1. A: UV, and B: FTIR spectra of AgNPs/Sw 
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Figure 2. A: XRD pattern, and B: SEM image of AgNPs/Sw 


Antioxidants 


Ferric-reducing antioxidant power 


(MDA, pmol/ mg AgNPs/Sw) capacity (mg TEAC/ g AgNPs/Sw) 

AgNPs/Sw AgNPs/Sw Vitamin C AgNPs/Sw Trolox 
50 858.27+32.24 45.52+1.328 54.523.28 43.3244.72° 54.3523.84 
100 806.12+43.42 46.27+3.82? 55.14£1.72 45.1645.54* 56.8723.12 
150 754.84+61.74 47.5743.91? 56.382.84 46.5245.32? 56.3224.82 
250 702.14+43.98 48.22+2.52? 57.1823.51 47.3246.42? 58.5745.34 
500 649.56+62.24 50.683.17? 61.714£2.72 48.57145.84° 59.27+3.62 

IC50 (mg/mL) 10.420 12.750? 32.420 19.920 29.280 


*Values are expressed as x + standard deviation. ? The significant group is compared to the standard group. A p-value of < 0.05 indicates a significant difference, as determined by one-way 
ANOVA followed by Tukey's test. 
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Table 3. In vitro anti-aging/anti-Alzheimer/anti-obesity/antidiabetic inhibitory activities of AgNPs/Sw 


Elastase 


Collagenase 


* 


Hyaluronidase Tyrosinase 


1 17.244+2.8 
Epicatechin gallate 82.47+5.4 

2 25.8743.6 
Oleanolic acid 75.1245.8 
3 

Indomethacin 


4 


Kojic acid 

Assay Acetylcholinesterase 
1 26.4844.6 
Galantamine 90.52+6.2 
2 

Galantamine 

3 

Curcumin 

Assay a-amylase 
1 27.8447.5 
Acarbose 82.47+8.3 
2 

Orlistat 


3 


Acarbose 


Butyrylcholinesterase 


pancreatic lipase 


18.3643.8 

86.22+6.4 
25.2348.8 
98.4148.3 


AB aggregation 


25.8743.6 

90.52+6.2 
25.4245.9 
67.3747.1 


a-glucosidase 


35.46+6.9 
VO25e7.2. 
43.57+8.7 


82.47+8.3 


* Mean values were obtained triplicate measurement, expressed as percentages and presented as x+SD. 


In our study, after the synthesis of AgNPs/Sw, we checked the 
synthesis and catalytic activities of them using UV, FTIR, XRD 
and SEM techniques. UV spectroscopy confirmed the synthesis 
by the presence of an absorption peak at around 455 nm was 
ensured by plasmon resonance electrons on the surface of 
the nanoparticles [7]. FTIR was used to identify the secondary 
metabolites formed by the reaction of SwE with Ag ions and 
by the absorption peaks due to AgNPs/Sw synthesis and 
nanoparticle reduction, capping and stabilisation. The crystal 
structures and nanostructures of the synthesised S. willeana 
silver nanoparticles were confirmed by XRD analysis. The 
peak position, height and width determined by XRD analysis 
determine the nanocrystalline structure and purity of the 
nanoparticles. The morphology of AgNPs/Sw was confirmed 
by SEM, and they had a polymorphic appearance as granular 
clusters. Similar results also have been observed in previous 
studies on Salvia spp. [14, 15]. 

Reactive oxygen species (ROS) are highly reactive molecules 
produced during normal physiological metabolism in the human 
body. They can damage cells and cause lipid peroxidation, 
playing a role in chronic disease development [16]. Plant- 
synthesised nanoparticles effectively scavenge ROS, reducing 
oxidative stress. Studies have shown that S. willeana contains 
phytochemical components such as phenol, flavonoid, saponin, 
and alkaloid, which may be responsible for the biological 
reduction of Ag* ions in synthesised AgNPs and their beneficial 
effects. It has been observed that medicinal plants with high 
levels of antioxidant phytochemicals can enhance the inhibitory 
effects of silver green synthesis on lipid peroxidation [5]. 
Few studies have investigated the antioxidant, anti-aging, 
anti-Alzheimer, anti-obesity, and anti-diabetic activities of S. 


willeana [13, 17]. This study is the first to investigate the effect 
of silver nanoparticles synthesised using S. willeana. Ercetin et 
al. [13] conducted a study on S. willeana, and they measured the 
highest antioxidant properties in DPPH activity were observed 
in the methanol extracts prepared from the leaves and flowers 
of the plant (67.94+0.003% and 45.07+0.001%, respectively). 
Our study found that the level of MDA was significantly lower in 
AgNPs/Sw samples at 500 mg/mL concentration (649.56+62.24 
pmol/mg). %lnhibition of DPPH and FRAP activities were higher 
in the same concentration of AgNPs/Sw (50.68+3.17%, TEAC- 
mg/g-AgNPs/Sw). This may be attributed to the high levels of 
phenolic and flavonoid compounds present in S. willeana, and it 
can suppress the formation of ROS and up-regulate antioxidant 
defence by chelating trace elements involved in ROS production 
[1, 2]. 

Recent scientific studies have focused on the anti-aging 
effects of herbs in preventing skin aging caused by internal 
and external factors. ROS production in the skin can cause 
oxidative stress, leading to damage to biological functions 
such as lipid membrane peroxidation, DNA destruction, and 
cell death; which contribute to skin aging, can activate dermal 
enzymes such as collagenase and elastase. These enzymes can 
break down and degrade the skin’s structures [8]. Hyaluronic 
acid (HA) is abundant in the dermis and epidermis layers of the 
skin. However, hyaluronidase, an enzyme that degrades HA and 
increases during the aging process, can be detrimental [18]. We 
investigated the anti-aging effects of AgNPs/Sw determining 
their anti-elastase/collagenase/hyaluronidase/tyrosinase. 
Previous studies have shown anti-aging enzyme activities for 
Salvia spp.: S. aytachii inhibited the activities of collagenase, 
elastase, and tyrosinase enzymes, or S. officinalis extract had 
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inhibitory activity against hyaluronidase. 

Traditionally, S. willeana have been also used as an alternative 
treatment agents in Alzheimer’s disease, helping delay metabolic 
pathways or inhibiting enzymes in increased biochemical 
reactions [19]. In vitro studies on Alzheimer have shown that 
AChE leads to the formation of amyloid fibrils, resulting in the 
conversion of toxic acetylcholinesterase-beta-amyloid peptide 
(AB) complexes in brain cells,and BchE activity is elevated in 
various brain regions of Alzheimer’s patients. AChE and BchE 
are recognized as suitable targets for Alzheimer’s treatment 
[10]. Intensive research is currently underway to find drugs 
or plant extracts that can inhibit cholinesterases, and Salvia 
spp. have been examined for their cholinesterase inhibitory 
activities. S. eriophora and S. mirzayanii extracts exhibited 
inhibitive activity against AChE and BChE enzymes [9,20]. Yilmaz 
et al. [1] reported that S. aytachii extract inhibited AChE and S. 
viridis extract inhibited BChE. Ercetin et al. [13] investigated 
the cholinesterase inhibition of S. willeana. The highest 
acetylcholinesterase/butyrylcholinesterase inhibitory potentials 
were measured in ethyl acetate and aqueous extracts prepared 
from the plant. In our study, AgNPs/Sw inhibited AchE and BChE 
by 26.48+4.6% and 25.87+3%, respectively, while the reference 
compound, galantamine was 90.52+6%. We also investigated 
the AB aggregation inhibition effect of AgNPs/Sw. AgNPs/Sw 
and curcumin inhibited AB42 aggregation by 25.42+5.9% and 
67.37+7%, respectively. No similar studies using Salvia spp. 
were found in the literature. Boonsin et al. [20] researched the 
effects of Gryllus bimaculatus plant extract on AB aggregation 
and reported that concentrations of extract (1 and 10 mg/mL) 
inhibited AB aggregation by 18.90% and 22.92%, respectively. 

Obesity is a widespread problem, and increases the risk of 
diabetes, cardiovascular and liver diseases. The aim of obesity 
treatment is to prevent excessive absorption of fat and sugar 
[21,22]. In this study, we examined a-amylase and pancreatic- 
lipase inhibitor activities as anti-obesity functional markers. 
Previous studies have reported that certain flavonoids, 
particularly those containing methoxy groups, can_ inhibit 
pancreatic lipase activity, thereby inhibiting the digestion and 
absorption of dietary fats [23]. The a-glucosidase enzyme plays 
a crucial role in carbohydrate digestion and absorption. Excess 
sugar is converted into fat and stored in the body, leading to 
obesity. Research has shown that polyphenols found in plants 
exhibit anti-obesity and antidiabetic effects by inhibiting 
a-glucosidase in vitro [24,25]. Mahdi et al. [24] reported the 
antidiabetic activity of a-amylase (IC50:104.58+0.06 mg/ 
mL) in S. officinalis extracts. Assaghaf et al. [25] investigated 
the essential oils of S. officinalis and demonstrated in vitro 
inhibition of a-amylase and lipase with IC,, values of 69.23+0.1 
and 37.3+0.03 ug/ml, respectively. In our study, we found that 
AgNPs/Sw inhibited a-amylase and lipase by 27.84+7.5% and 
35.46+6.9%, respectively. 

Diabetes Mellitus is a hereditary disease that results in an 
increase in the production of free radicals due to increased 
insulin use in the body. Our study examined the a-amylase and 
a-glucosidase, the carbohydrate digestion enzymes because 
the inhibition of those enzymes can be effective in treatment of 
diabetes. Plant extracts have been found to be effective enzyme 
inhibitors, such as the a-glucosidase inhibitory activity of S. 


officinalis extract [24,25]. We found that AgNPs/Sw inhibited 
a-glucosidase by 43.57+8.7%, compared to the standard 
acarbose inhibition of 82.47+8.3%. 

Conclusion 

On the island of Cyprus, S. willeana is traditionally used to treat 
respiratory, digestive, rheumatism, heart, skin, gynaecological 
diseases, and various cancers. In vitro studies on the Salvia 
species have shown that the plant extract contains phenolic 
compounds having antioxidant activity against ROS that occur 
in the body. Recently, there has been hope that nanoparticles 
produced through green biosynthesis of metal nanoparticles 
using medicinal plant extracts could be used in medicine to treat 
diseases. Our study showed that Ag-NPs/Sw had a potential to 
prevent and treat diseases due to their antioxidant anti-aging, 
anti-obesity, and antidiabetic properties 
that protect cells. Therefore, it is believed that they can offer 
numerous benefits to humanity in the field of medicine. It 
is recommended that future researches could enhance our 
understanding of the potential health benefits of Salvia spp., 
and nanoparticles. 
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